Objectives. To describe the distribution of prevalent syndesmophytes and bridges, and the occurrence of new ones in a prevalence cohort of patients with AS.
Introduction
AS is a chronic rheumatic disease characterized by inflammation of the SI joints and spine, and by the formation of new bone. One of the hallmarks of AS is the formation of syndesmophytes at vertebral bodies, which ultimately may form bridges (ankylosis). When consecutive vertebrae are ankylosed, it may lead to the appearance of a bamboo spine. Structural damage of the spine is an important outcome measure in AS and is associated with poorer physical function and limitation of spinal mobility [15] . Progression of structural damage occurs at a slow rate [610] . Although radiographic progression is close to linear at a group level, in individuals the rate of progression may vary considerably. Some patients show no progression at all, whereas other patients may experience periods of rapid change [6, 10, 11] . In general, the literature on the formation of syndesmophytes is sparse. It is not well known whether the distribution of syndesmophytes follows a specific direction (from caudal to cranial or vice versa), and whether the development of new syndesmophytes or bridges preferentially occur at certain sites of the spine. It is commonly believed that the cervical spine is usually last to be involved, although females with AS occasionally may demonstrate disease first in the cervical spine [6, 12, 13] . One crosssectional study found that lumbar involvement compared with cervical involvement was more frequently seen at all points in the disease duration of patients with AS [6] , whereas a retrospective cohort study failed to demonstrate a difference [10] . The objective of this study was to describe the distribution of prevalent syndesmophytes and bridges, and the occurrence of new (bridging) syndesmophytes at the level of individual vertebral bodies in a prevalence cohort of patients with AS.
Methods
The Outcome in Ankylosing Spondylitis International Study (OASIS) is a prevalence cohort including 217 consecutive patients with AS from the Netherlands, Belgium and France that started in 1996 [7, 14] Patients were seen at regular intervals. For the present study, demographic and clinical data obtained at baseline and conventional radiographs of the spine obtained at baseline and at 2-and 4-year followup were used. The radiographs were scored according to the modified Stoke Ankylosing Spondylitis Spine Score (mSASSS) in a chronological time order, to increase the ability to detect changes as compared with paired reading, by a trained expert who was blind for the demographic and clinical data [15] . In the mSASSS, the anterior part of the cervical and lumbar spines in a lateral view is scored for squaring and/or erosion and/or sclerosis (1 point), syndesmophyte (2 points) and bridging syndesmophyte (3 points). The total score ranges from 0 to 72 [16] .
For the present analysis we were interested in the formation of new syndesmophytes-which can also be bridging syndesmophytes-at individual vertebral levels. Therefore a new (bridging) syndesmophyte was defined as the development of a syndesmophyte (mSASSS 2 points) or a bridge (mSASSS 3 points) at a vertebral level that was previously uninvolved or with signs of squaring, erosion or sclerosis at baseline only (mSASSS 0 or 1 points, respectively). A new bridge developing from two existing syndesmophytes during follow-up was considered the same process and was not counted as a new syndesmophyte, i.e. the syndesmophytes were already present, but only increased in size to form a bridge.
For the calculation of the mSASSS, missing values were substituted by the mean of the score at the other vertebral levels of the same spinal segment of the patient if the number of missing scoring sites was 43 [8, 9] . When >3 scoring sites were missing at a spinal segment at any time point, the patient was excluded from the present study. For all analyses at the individual vertebral level, missing values at follow-up were considered as unchanged and substituted by the last observation.
Disease duration was defined as the time since diagnosis of AS at baseline. Symptom duration was defined as the time since first symptoms were reported by the patient at baseline.
Descriptive statistics were used to calculate the mean with S.D. for continuous data, and frequencies were calculated for dichotomous data. Independent t-tests or non-parametric tests as appropriate were used to compare differences between the groups for continuous data and chi-square tests for dichotomous data, respectively. Cumulative probability plots were drawn to visualize the cumulative frequency distribution of symptom duration from the lowest to the highest value with corresponding values of the total number of (bridging) syndesmophytes at either the lumbar or cervical spines for every individual patient. All analyses were performed using SPSS 16.0. The significance level was set at 0.05.
Results
In 132 of the 217 patients, complete sets of radiographs with 43 vertebral levels missing per spinal segment were available at 2-and 4-year follow-up. Patients who were not included in this study were somewhat younger and had a shorter disease duration; all other clinical variables and radiological damage were not significantly different from the patients who were included (data published in a previous report [8] ). Table 1 shows the baseline characteristics of all included patients, as well as by stratification for the presence or absence of prevalent (bridging) syndesmophytes for the total group. At baseline, 81 (61%) patients had prevalent (bridging) syndesmophytes. In this group, statistically significantly more males were present, patients were older, had longer disease-and symptom duration-showed worse function and disease activity, and had higher levels of CRP compared with patients without prevalent (bridging) syndesmophytes at baseline.
Distribution of syndesmophytes and bridges
At baseline, 17 of 38 (45%) females and 64 of 98 (65%) males had prevalent syndesmophytes and/or bridges (P = 0.03). Cervical involvement was found in 13 (34%) females and 52 (53%) males (P = 0.88). Lumbar involvement was found in 10 (26%) females and 45 (46%) males (P = 0.69). general the distribution of (bridging) syndesmophytes seems to be more or less equal across the cervical and lumbar spines. No clustering of (bridging) syndesmophytes at the upper, central or lower parts of either the cervical or lumbar spine could be detected. The percentage of patients with involvement in the cervical spine ranges from 19.8 to 46.9% and in the lumbar spine from 18.5 to 38.3% per vertebral level. The mean percentage of patients with syndesmophytes and/or bridges per vertebral level was 29.6% (S.D. 7.9) in the cervical spine and 28.1% (S.D. 6.2) in the lumbar spine (difference between cervical and lumbar spine, P = 0.60). However, comparing the presence of either syndesmophytes or bridges per spinal segment showed that syndesmophytes were more frequently seen in the cervical spine compared with the lumbar spine [mean (S.D.) per vertebral level 17.5% (7.0) vs 11.2% (4.0) respectively, P = 0.01], and bridges were more frequently seen in the lumbar spine compared with the cervical spine [mean per vertebral level 16.9% (3.6) vs 12.1% (2.9) respectively, P = 0.02]. Fig. 2 shows the probability plots in which the cumulative frequency distribution of symptom duration is ordered from the lowest to the highest value, with corresponding values of the absolute number of (bridging) syndesmophytes at either the lumbar or cervical spine for every individual patient. It can be seen that with increasing
FIG. 2 Cumulative probability plots.
Cumulative probability plots show the symptom duration of individual patients ordered from the lowest to the highest value with corresponding values of the absolute number of (bridging) syndesmophytes at either the (A) cervical or (B) lumbar spine.
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Distribution of syndesmophytes symptom duration, in general, more (bridging) syndesmophytes are found. However, no difference between the cervical and lumbar spines could be detected.
Development of new syndesmophytes and bridges
During the 4 years of follow-up, any progression (at least 1 mSASSS unit increase per vertebral level), as well as major progression (at least 2 mSASSS units increase per vertebral level), occurred at all vertebral levels ( Table 2 ). Fig. 3 shows the distribution of the syndesmophytes and bridges per vertebral level over time. At baseline, in the total group of patients, the percentage of patients with a syndesmophyte or bridge per vertebral level ranged from 11.4 to 28.8%, at 2 years from 12.9 to 34.1% and at 4 years from 15.2 to 39.4%.
In total, 278 syndesmophytes and 284 bridges were present at baseline. At 2 years, compared with baseline, new syndesmophytes developed at 75 vertebral levels and new bridges at 46 vertebral levels. The new bridges occurred in 15 patients (mean 3.1 per patient, range 26).
Eighteen bridges developed from prevalent syndesmophytes, but 28 bridges appeared in previously uninvolved sites (mSASSS score 0 or 1). At 4 years, compared with baseline, new syndesmophytes developed at 131 vertebral levels and new bridges at 86 vertebral levels. The new bridges occurred in 20 patients (mean 4.3 per patient, range 214). Thirty-three bridges developed from prevalent syndesmophytes, but 53 bridges appeared in previously uninvolved sites (mSASSS score 0 or 1). New bridges occurred only in patients with prevalent syndesmophytes at baseline.
The development of new syndesmophytes (including bridging syndesmophytes) from baseline to 2 years (range 010 new patients per vertebral level) and from 2 to 4 years (range 17 new patients per vertebral level) was found throughout the entire cervical and lumbar spines. Within the group of 51 patients without prevalent syndesmophytes at baseline, 5 patients developed new syndesmophytes at 2 years (4 syndesmophytes at the cervical spine and 2 at the lumbar spine) and 7 patients developed new syndesmophytes at 4 years compared with baseline (10 syndesmophytes at the cervical spine and 9 at the lumbar spine). Involvement of the cervical spine was only found in two patients (both males), involvement of the lumbar spine was found in only three patients (two females, one male), and involvement of both cervical and lumbar spines was found in another two patients (both males). Bridging did not occur in these patients.
Discussion
This study shows that syndesmophytes and bridges can be found at all vertebral levels throughout the cervical and lumbar spines. In general, males were significantly more frequently affected than females, but no difference in involvement at either the cervical or lumbar spine could be found between males and females. Although bridges are more frequently seen in the lumbar spine and syndesmophytes more in the cervical spine, no specific predilection place could be detected. Also, the development of new syndesmophytes and bridges occurred arbitrarily and equally throughout the cervical and lumbar spines. Interestingly, most new bridges during the 4-year follow-up occurred at sites without prevalent syndesmophytes at baseline.
It is commonly believed, and also taught in textbooks, that AS begins in the SI joints and progresses up the spine from caudal to cranial [6, 12, 13] . Our study only partly supports this view. Fig. 2 shows that with increasing symptom duration more syndesmophytes and bridges per patient can be found. However, from this figure it can also be seen that there is no difference with respect to the presence of syndesmophytes and/or bridges at either the cervical or lumbar spine early in the disease course. On the other hand, we found that the mean number of bridges per vertebral level is significantly higher in the lumbar spine than in the cervical spine. Bridges are the last stage in the process of ankylosing, and thus finding these more frequently at the lumbar level would suggest that the disease progresses from caudal to cranial. However, we also found that during the 4 years of follow-up new syndesmophytes-which can be considered as the pre-stage of a bridge-occurred arbitrarily throughout the spine, not only in patients with prevalent syndesmophytes but also in patients without syndesmophytes at baseline. Moreover, when the percentage of patients with either a syndesmophyte or a bridge was summed up, per vertebral level, the difference was not statistically significant between the cervical and lumbar spines. This is in line with a recent retrospective cohort study of 3.8 years' duration, which also failed to show a difference in progression of the mSASSS or occurrence of new syndesmophytes between the cervical and the lumbar spines over time [10] . It is debatable why there is a discrepancy between former beliefs and these recent observations. One explanation could be that X-rays of the cervical spine-unlike the lumbar spine-are less frequently available, leading to under-diagnosis of structural abnormalities at the cervical spine. In daily practice, X-rays of the cervical spine are usually not systematically performed, and absence of this knowledge may give the impression of absence of disease. Another explanation could be that it is also often thought that structural damage is largely an expression of disease duration [1, 6, 17, 18] . However, in an earlier study with the same data set as was used for the present study, we found that disease duration was associated with the presence of (bridging) syndesmophytes at baseline, but disease duration in itself was not a predictor for the development of new ones over time [11] . Two other studies also failed to demonstrate this relationship [9, 19] . Although some cross-sectional studies suggest that cervical involvement is more frequently seen in females and lumbar involvement more in males [1, 20] , other studies including the present study did not find such a difference [6, 19, 21] . One study in which assessment of Distribution of syndesmophytes chronic spinal changes was compared on conventional radiographs and MRI also showed an arbitrary distribution of vertebral units affected [22] . Interestingly, in this study most chronic spinal changes were found in the thoracic spine. For our study we used the mSASSS to score chronic spinal changes in the cervical and lumbar spines. The mSASSS is a well-validated scoring system and is currently the preferred method to use [8, 16] . It has been demonstrated that changes in the mSASSS are mainly due to the growth of syndesmophytes and ankylosis, which are the most frequent radiographic features of progression in AS [9] . A potential disadvantage of the mSASSS is that the thoracic spine is not included. An alternative scoring method has been proposed, the Radiographic AS Spinal Score, in which the lower thoracic spine is included and only bone formation is scored [23] . However, this scoring method has not yet been frequently used in other studies.
Some limitations of this study need to be addressed. Data from the OASIS cohort were used, in which patients were included in consecutive order from the outpatient clinic. Selection bias may have occurred by including only hospital-based patients, thereby excluding less severe patients. Also, females are relatively underrepresented in this cohort. On the other hand, the strength of this study is that it was performed in an unselected cohort of patients seen at the rheumatology department representing both academic and non-academic departments, and covering a wide range of disease duration, which makes it possible to generalize the results to the daily practice of a rheumatologist.
In conclusion, although syndesmophytes and bridges are found in both the lumbar and the cervical spines, the present study shows that syndesmophytes more frequently occur in the cervical spine and bridges more often in the lumbar spine, but there seems to be no specific predilection site for occurrence and development of syndesmophytes.
Rheumatology key messages
. No specific predilection site for syndesmophytes is detected in the spine of AS patients. . New syndesmophytes occur without any particular order in the spine of AS patients. . In AS, bridges occur more frequently in the lumbar spine and syndesmophytes in the cervical spine.
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